Structural features of the interaction of the 3'-untranslated region of mRNA containing exosomal RNA-specific motifs with YB-1, a potential mediator of mRNA sorting.
We have previously shown that YB-1 is the only protein of the HEK293 cell cytoplasmic (S100) extract that specifically interacts with RNA hairpins each containing one of the motifs ACCAGCCU (1), CAGUGAGC (2) and UAAUCCCA (3), which had been identified as often found in exosomal RNA and proposed as potential cis-acting elements targeting RNAs into exosomes. Here we explored the interactions of YB-1 with a fragment of the 3'-untranslated region (UTR) of septin 14 mRNA (SEPT14 RNA), which contains all three motifs. We demonstrated the occurrence of YB-1 among proteins pulled down from the HEK293 S100 extract using biotinylated SEPT14 RNA. With recombinant YB-1, it was found that SEPT14 RNA can bind up to 5 moles of protein per mole of RNA in a cooperative manner, which was shown to be mainly facilitated by the presence of the above motifs. RNA hairpins with motifs 1 and 2 competed with SEPT14 RNA for binding to the protein, whereas that with motif 3 was less competitive, in accordance with the affinity of YB-1 for these RNA hairpins. With YB-1-bound RNA, nucleotides protected from attack by hydroxyl radicals were revealed in all three motifs, although hairpins with motif 2 and especially with motif 1 contained many protected nucleotides outside the motifs, suggesting that the specific environments of these motifs contribute significantly to the YB-1 binding. An analysis of the environments of motifs 1-3 in the HEK293 cell mRNA 3' UTRs gained from RNA-seq data led us to conclude that the primary binding sites of YB-1 in the 3' UTRs are hairpins containing some part of the motif along with its specific surroundings; the consensus sequences of these hairpins were derived. Thus, our findings provide a new understanding of the structural basis of the interactions between YB-1 and mRNAs carrying the aforementioned motifs.